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(57) ABSTRACT

An electron spectrometer includes: an energy analyzer sec-
tion that energy-analyzes electrons emitted from a specimen;
a micro-channel plate that amplifies the electrons analyzed by
the energy analyzer section; a fluorescent screen that converts
the electrons amplified by the micro-channel plate into light;
a camera that photographs the fluorescent screen; and an
elfective range calculation section that calculates an effective
range of the fluorescent screen within a camera 1mage pho-
tographed by the camera, the effective range calculation sec-
tion performing a process that acquires a plurality of the
camera 1mages photographed while causing the energy ana-
lyzer section to analyze the electrons with a different center
energy, a process that converts the plurality of camera images
respectively into a plurality of spectra, and a process that
calculates the effective range of the fluorescent screen within
the camera 1mage based on the plurality of spectra.
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ELECTRON SPECTROMETER AND
MEASUREMENT METHOD

[0001] Japanese Patent Application No. 2015-049438, filed
on Mar. 12, 2013, 1s hereby mcorporated by reference 1n 1ts
entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an electron spec-
trometer and a measurement method.

[0003] An electron spectrometer such as an X-ray photo-
clectron spectroscope (XPS) and an Auger electron micro-
scope (AES) 1s known as a device that 1s used to analyze the
surface of a solid.

[0004] For example, JP-A-2011-247870 discloses a detec-
tor that includes a micro-channel plate (MCP), a fluorescent
screen, and a CCD camera as a detector that 1s provided to
such an electron spectrometer. The micro-channel plate two-
dimensionally detects the incident electrons, multiplies the
clectrons on a channel basis, and outputs the multiplied elec-
trons to the fluorescent screen. The fluorescent screen
receives the electrons that have been multiplied by the micro-
channel plate on a channel basis, and output from the micro-
channel plate, and produces visible light having a brightness
corresponding to the number of electrons that have reached 1t
per unit time. The CCD camera photographs a visible light
image formed by the fluorescent screen.

[0005] The image of the fluorescent screen photographed
by the CCD camera changes depending on the magnification
of the camera lens, the positional relationship between the
camera and the fluorescent screen, and the like. It 1s normally
possible to absorb such a change by setting the size of the
rectangular camera image (e.g., Video Graphics Array (VGA)
and Extended Graphics Array (XGA)) to be larger than the
fluorescent screen. However, 1t 1s difficult to accurately cal-
culate the geometric position of the fluorescent screen within
the camera image. Moreover, since the edge of the fluorescent
screen does not necessarily accurately coincide with the
diameter of the micro-channel plate, it 1s difficult to accu-

rately determine the effective range of the fluorescent screen
with the naked eye.

SUMMARY

[0006] Theinvention may provide an electron spectrometer
that can accurately calculate the effective range of the fluo-
rescent screen within the camera 1image, and a measurement
method that can accurately calculate the effective range of the
fluorescent screen within the camera image.

[0007] According to a first aspect of the invention, there 1s
provided an electron spectrometer including:

[0008] an energy analyzer section that energy-analyzes
clectrons emitted from a specimen;

[0009] a micro-channel plate that amplifies the electrons
analyzed by the energy analyzer section;

[0010] a fluorescent screen that converts the electrons
amplified by the micro-channel plate into light;

[0011] a camera that photographs the fluorescent screen;
and

[0012] an effective range calculation section that calculates
an effective range of the fluorescent screen within a camera
image photographed by the camera,

[0013] the effective range calculation section performing a
process that acquires a plurality of the camera 1images photo-
graphed while causing the energy analyzer section to analyze
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the electrons with a different center energy, a process that
converts the plurality of camera images respectively mnto a
plurality of spectra, and a process that calculates the effective
range of the fluorescent screen within the camera image based
on the plurality of spectra.

[0014] According to a second aspect of the invention, there
1s provided a measurement method that 1s implemented by an
clectron spectrometer that includes an energy analyzer sec-
tion that energy-analyzes electrons emitted from a specimen,
a micro-channel plate that amplifies the electrons analyzed by
the energy analyzer section, a tluorescent screen that converts
the electrons amplified by the micro-channel plate into light,
and a camera that photographs the fluorescent screen, the
measurement method calculating an effective range of the
fluorescent screen within a camera 1image photographed by
the camera, the measurement method including:

[0015] a step that acquires a plurality of the camera images
photographed while causing the energy analyzer section to
analyze the electrons with a different center energy;

[0016] a step that converts the plurality of camera images
respectively mto a plurality of spectra; and

[0017] a step that calculates the effective range of the fluo-
rescent screen within the camera image based on the plurality
ol spectra.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0018] FIG. 1 schematically illustrates the configuration of
an electron spectrometer according to one embodiment of the
invention.

[0019] FIG. 2 1llustrates an example of a camera 1mage.

[0020] FIG. 3 1s a flowchart illustrating an example of a
measurement method according to one embodiment of the
invention.

[0021] FIG. 4 1s a flowchart 1llustrating an example of an
elfective range calculation process.

[0022] FIG. S schematically 1llustrates a plurality of spec-
tra.
[0023] FIG. 6 illustrates a graph in which the center energy

(horizontal axis) and the maximum brightness position (ver-
tical axis) are plotted with respect to each spectrum.

DETAILED DESCRIPTION OF TH.
EMBODIMENT

(Ll

[0024] (1) According to one embodiment of the invention,
an electron spectrometer includes:

[0025] an energy analyzer section that energy-analyzes
clectrons emitted from a specimen;

[0026] a micro-channel plate that amplifies the electrons
analyzed by the energy analyzer section;

[0027] a fluorescent screen that converts the electrons
amplified by the micro-channel plate into light;

[0028] a camera that photographs the fluorescent screen;
and

[0029] an effective range calculation section that calculates
an elffective range of the fluorescent screen within a camera
image photographed by the camera,

[0030] the effective range calculation section performing a
process that acquires a plurality of the camera images photo-
graphed while causing the energy analyzer section to analyze
the electrons with a different center energy, a process that
converts the plurality of camera 1images respectively nto a
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plurality of spectra, and a process that calculates the effective
range of the fluorescent screen within the camera image based
on the plurality of spectra.

[0031] Since the electron spectrometer 1s configured so that
the effective range calculation section performs the process
that acquires a plurality of camera images photographed
while causing the energy analyzer section to analyze the
clectrons with a different center energy, the process that con-
verts the plurality of camera 1mages respectively 1nto a plu-
rality of spectra, and the process that calculates the effective
range of the fluorescent screen within the camera image based
on the plurality of spectra, 1t 1s possible to accurately calculate
the effective range of the fluorescent screen within the camera
image as compared with the case of geometrically calculating
the effective range of the fluorescent screen from the posi-
tional relationship between the camera and the fluorescent
screen, for example.

[0032] (2) In the electron spectrometer, in the process that
calculates the effective range of the fluorescent screen, the
clfective range calculation section may determine the maxi-
mum brightness position within the camera 1image from each
of the plurality of spectra, and then calculate the effective
range of the fluorescent screen based on the center energy and
the maximum brightness position.

[0033] (3) In the electron spectrometer, 1n the process that
calculates the effective range of the fluorescent screen, the
elfective range calculation section may draw a graph in which
the center energy and the maximum brightness position are
respectively plotted along a first axis and a second axis with
respect to each of the plurality of spectra, and then calculate
the effective range of the tluorescent screen from the graph.

[0034] (4) In the electron spectrometer, the effective range
calculation section may perform a process that calculates an
energy axis within the camera image based on the center
energy and the maximum brightness position.

[0035] The electron spectrometer can thus accurately cal-
culate the energy axis within the camera 1image as compared
with the case of geometrically calculating the energy axis
within the camera image from the positional relationship
between the camera and the fluorescent screen, for example.

[0036] (5) According to one embodiment of the invention, a
measurement method 1s implemented by an electron spec-
trometer that includes an energy analyzer section that energy-
analyzes electrons emitted from a specimen, a micro-channel
plate that amplifies the electrons analyzed by the energy
analyzer section, a fluorescent screen that converts the elec-
trons amplified by the micro-channel plate into light, and a
camera that photographs the fluorescent screen, the measure-
ment method calculating an effective range of the fluorescent
screen within a camera 1mage photographed by the camera,
the measurement method including:

[0037] a step that acquires a plurality of the camera images
photographed while causing the energy analyzer section to
analyze the electrons with a different center energy;

[0038] a step that converts the plurality of camera images
respectively mto a plurality of spectra; and

[0039] a step that calculates the effective range of the fluo-
rescent screen within the camera image based on the plurality
ol spectra.

[0040] The measurement method can thus accurately cal-
culate the effective range of the fluorescent screen within the
camera 1mage as compared with the case of geometrically
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calculating the effective range of the fluorescent screen from
the positional relationship between the camera and the fluo-
rescent screen, for example.

[0041] (6) In the measurement method, the step that calcu-
lates the effective range of the fluorescent screen may include
determining a maximum brightness position within the cam-
era image from each of the plurality of spectra, and calculat-
ing the effective range of the fluorescent screen based on the
center energy and the maximum brightness position.

[0042] (/) In the measurement method, the step that calcu-
lates the effective range of the fluorescent screen may include
drawing a graph 1n which the center energy and the maximum
brightness position are respectively plotted along a first axis
and a second axis with respect to each of the plurality of
spectra, and calculating the effective range of the fluorescent
screen from the graph.

[0043] (8) The measurement method may further include a
step that calculates an energy axis within the camera 1image
based on the center energy and the maximum brightness
position.

[0044] The measurement method can thus accurately cal-
culate the energy axis within the camera 1mage as compared
with the case of geometrically calculating the energy axis
within the camera 1mage from the positional relationship
between the camera and the fluorescent screen, for example.
[0045] Exemplary embodiments of the invention are
described 1in detail below with reference to the drawings. Note
that the following exemplary embodiments do not unduly
limit the scope of the invention as stated 1n the claims. Note
also that all of the elements described below should not nec-
essarily be taken as essential elements of the invention.

1. Electron Spectrometer

[0046] An electron spectrometer according to one embodi-
ment of the invention 1s described below with reference to the
drawings. FIG. 1 schematically 1llustrates the configuration
of an electron spectrometer 100 according to one embodi-
ment of the mvention. An example 1n which the electron
spectrometer 100 1s an X-ray photoelectron spectroscope
(spectrometer) that energy-analyzes electrons emitted from a
specimen upon application of X-rays 1s described below.
[0047] As 1illustrated 1n FIG. 1, the electron spectrometer
100 includes an X-ray source 10, an energy analyzer section
20, a micro-channel plate 30, a fluorescent screen 40, a cam-
era 50, a power supply 60, a processing section 70, an opera-
tion section 80, a display section 82, and a storage section 84.
[0048] The X-ray source 10 applies X-rays to a specimen 2.
When X-rays have been applied to the specimen 2, electrons
(photoelectrons) are emitted from the specimen 2 due to a
photoelectric effect.

[0049] An entrance slit 22 may be disposed to precede the
energy analyzer section 20. The entrance slit 22 limits the
photoelectrons that enter the energy analyzer section 20.
[0050] The energy analyzer section 20 energy-analyzes the
photoelectrons emitted from the specimen 2. The energy ana-
lyzer section 20 extracts electrons having a specific energy
through photoelectron energy discrimination (selection).
[0051] The energy analyzer section 20 1s an electrostatic
hemispherical analyzer, for example. The electrostatic hemi-
spherical analyzer 1s configured so that a voltage 1s applied
between an outer sphere and an inner sphere to form a spheri-
cally symmetric electric field, for example. When electrons
having an equal energy are caused to be 1ncident at various
angles from one point within the spherically symmetric elec-
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tric field, the electrons rotate by 180°, and converge on an
approximately 1dentical point. When electrons having a dii-
ferent energy are caused to be mcident on the spherically
symmetric electric field, the electrons converge on another
point. Therefore, 1t 1s possible to implement energy analysis
by causing electrons having a certain energy spread to be
incident on such a field. Specifically, the electrostatic hemi-
spherical analyzer 1s configured so that the position of an
clectron detected 1n the exit plane corresponds to the energy
(kinetic energy) of the electron.

[0052] The electrons that have been analyzed by the elec-
trostatic hemispherical analyzer are applied to the micro-
channel plate 30 so as to have a dispersion width correspond-
ing to the pass energy (i.e., the voltage applied between the
outer sphere and the inner sphere) of the analyzer with respect
to the center energy (1.e., the center energy of the energy
analyzer section 20 (hereinafter may be referred to as “center
energy Ec”)) of the analyzer. For example, the center of the
energy spread of the electrons that enter the micro-channel
plate 30 corresponds to the center energy Ec of the energy
analyzer section 20.

[0053] The energy analyzer section 20 1s configured so that
the center energy Ec can be changed. For example, the center
energy Ec can be changed by changing the voltage applied
between the outer sphere and the inner sphere of the electro-
static hemispherical analyzer. For example, it 1s possible to
obtain a plurality of spectra that differ 1n the center energy Ec
by continuously photographing a photoelectron image while
changing (scanning) the center energy Ec of the energy ana-
lyzer section 20. For example, when the energy spread (i.e.,
the energy spread of the electrons 1n the exit plane) analyzed
by the energy analyzer section 20 1s 0.8 €V, 1t 1s possible to
obtain a spectrum within an energy range o1 0 eV to 1.5 KeV
by changing (scanning) the center energy Ec.

[0054] The electrons extracted by the energy analyzer sec-
tion 20 enter the micro-channel plate 30 after being acceler-
ated by an acceleration lens 24, for example.

[0055] The micro-channel plate 30 two-dimensionally
detects the incident electrons, and multiplies the electrons on
a channel basis. It 1s desirable that the channel resolution of
the micro-channel plate 30 be higher than the resolution of the
camera 50 with respect to the projection image (photoelec-
tron 1mage) projected onto the fluorescent screen 40. Note
that 1t suilices that the channel resolution of the micro-chan-
nel plate 30 be higher than the number of channels required
for the spectrum.

[0056] The fluorescent screen 40 converts the electrons
amplified (multiplied) by the micro-channel plate 30 into
light. When the electrons multiplied by the micro-channel
plate 30 have been applied to the fluorescent screen 40, the
fluorescent screen 40 produces visible light having a bright-
ness corresponding to the number of electrons that have
reached 1t per unit time.

[0057] The fluorescent screen 40 includes a transparent
substrate, and a fluorescent material that 1s provided on the
transparent substrate, for example. Since the transparent sub-
strate allows visible light to pass through, the camera 50 can
photograph the visible light from the back side (i.e., the side
ol the transparent substrate) of the fluorescent screen 40. It 1s
desirable that the response speed of the fluorescent material
be 1 ms or less (1.e., shorter than the spectrum integration
time). The fluorescent screen 40 may be formed by a single-
channel plate, and the electrons multiplied by the micro-
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channel plate 30 may be input as an electrical signal to imple-
ment pulse-count measurement.

[0058] A predetermined voltage 1s applied between the
acceleration lens 24 and the micro-channel plate 30 and
between the micro-channel plate 30 and the fluorescent
screen 40 1n order to guide the electrons analyzed by the
energy analyzer section 20.

[0059] The camera 50 photographs the fluorescent screen
40. The camera 50 1s a digital camera such as a charge coupled
device (CCD) camera or a complementary metal oxide semi-
conductor (CMOS) camera, for example. The number of p1x-
els of the camera 50 1s equal to or larger than the number of
channels required for the spectrum. A camera lens 52 1is
provided to precede the camera 50, and the camera 50 pho-
tographs the projection image projected onto the fluorescent
screen 40 through the camera lens 52.

[0060] The power supply 60 applies a voltage between the
outer sphere and the inner sphere of the energy analyzer
section 20 (electrostatic hemispherical analyzer). The power
supply 60 applies a voltage between the outer sphere and the
inner sphere based on a control signal that 1s generated by a
control section 76 (described later).

[0061] The electron spectrometer 100 1s configured so that
clectrons emitted from the specimen 2 due to a photoelectric
eifect as a result of causing the X-ray source 10 to apply
X-rays to the specimen 2 are analyzed by the energy analyzer
section 20 1n terms of energy, and applied to the micro-
channel plate 30 so as to have a dispersion width correspond-
ing to the pass energy of the energy analyzer section 20 with
respect to the center energy Ec of the energy analyzer section
20. The fluorescent screen 40 converts the electrons multi-
plied by the micro-channel plate 30 into light, and a photo-
clectron 1mage 1s projected onto the fluorescent screen 40.
The photoelectron 1mage projected onto the fluorescent
screen 40 1s photographed by the camera 50, and transmitted
to the processing section 70.

[0062] The processing section 70 performs various pro-
cesses according to this embodiment based on a program
(data) stored 1n the storage section 84. The storage section 84
may store a program that causes a computer to function as
cach section of the processing section 70.

[0063] The processing section 70 performs a process that
converts a camera 1mage into a spectrum, a process that
calculates the effective range of the fluorescent screen within
the camera 1mage, a process that calculates the energy axis
within the camera image, and the like. The function of the
processing section 70 may be implemented by hardware such
as a processor (e.g., CPU or DSP) or an ASIC (e.g., gate
array), or a program. The processing section 70 includes a
spectrum generation section 72, an effective range calcula-
tion section 74, and the control section 76.

[0064] The spectrum generation section 72 converts a cam-
era 1mage obtained by photographing the photoelectron
image to a spectrum. The spectrum generation section 72
generates the spectrum by integrating brightness information
about the camera image 1n the direction perpendicular to the
energy dispersion direction. The spectrum generated by the
spectrum generation section 72 1s displayed on the display
section 82, for example.

[0065] The effective range calculation section 74 performs
a process that calculates the effective range of the fluorescent
screen within the camera 1image.
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[0066] The effective range of the fluorescent screen within
the camera 1mage 1s described below. FIG. 2 illustrates an
example of a camera image G.

[0067] Forexample, the cameraimage G has aresolution of
640x480 pixels. In the example illustrated 1n FIG. 2, the
energy dispersion direction E 1s a direction parallel to the
short side of the camera image G A photoelectron image Ge
projected onto the fluorescent screen 40 1s captured within the
camera image G A spectrum S 1s obtained by integrating the
brightness information about the camera image G in the
direction perpendicular to the energy dispersion direction E
of the photoelectron image Ge.

[0068] Inthe exampleillustrated in FIG. 2, the range within
the camera 1mage G 1n which the brightness information
about the photoelectron 1image Ge 1s effective (1.e., the range
within the camera 1image G in which the energy distribution
obtained by the analysis performed by the energy analyzer
section 20 1s reflected) 1s a range R between a position P1 of
one end of the photoelectron image Ge and a position P2 of
the other end of the photoelectron image Ge 1n the energy
dispersion direction E. The range within the camera image G
in which the brightness information about the photoelectron
image Ge 1s effective (1.e., the range R 1n the example 1llus-
trated 1n FIG. 2) 1s referred to as the efiective range of the
fluorescent screen within the camera 1image (hereinafter may
be referred to as “the effective range of the fluorescent
screen’”).

[0069] The effective range calculation section 74 performs
a process that acquires a plurality of camera images obtained
while causing the energy analyzer section 20 to analyze the
clectrons emitted from the specimen 2 with a different center
energy Ec, a process that converts the plurality of camera
images respectively mto a plurality of spectra, and a process
that calculates the effective range R of the fluorescent screen
based on the plurality of spectra.

[0070] When the effective range calculation section 74 per-
forms the process that calculates the effective range R of the
fluorescent screen, the elffective range calculation section 74
determines the maximum brightness position within the cam-
era 1mage from each spectrum, and calculates the effective
range R of the fluorescent screen based on the center energy
Ec and the maximum brightness position. For example, the
elfective range calculation section 74 draws a graph 1n which
the center energy Ec (first axis) and the maximum brightness
position (second axis) are plotted with respect to each spec-
trum, and calculates the effective range R of the fluorescent
screen from the graph.

[0071] The effective range calculation section 74 also per-
forms a process that calculates the energy axis (pixel/eV)
within the camera 1image based on the plurality of spectra.

[0072] The control section 76 performs a process that gen-
crates the control signal that controls the energy analyzer
section 20. The control section 76 generates the control signal
based on the center energy Ec when the center energy Ec has
been set, and outputs the control signal to the power supply
60. For example, the user may set the center energy Ec
through the operation section 80. When a process that photo-
graphs a plurality of camera 1mages 1s performed automati-
cally (as described later), the control section 76 may read
information about the reference center energy Ec (1.e., the
center energy Ec when the scan 1s started) and information
about the amount of change in the center energy Ec that
corresponds to one step (that are stored in advance 1n the
storage section 84) to set the center energy Ec. The power
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supply 60 applies a voltage between the outer sphere and the
inner sphere of the electrostatic hemispherical analyzer based
on the control signal.

[0073] The operation section 80 allows the user to mput
operation information, and outputs the operation information
input by the user to the processing section 70. The function of
the operation section 80 may be implemented by hardware
such as a keyboard, a mouse, a button, a touch panel, or a
touch pad.

[0074] The display section 82 displays an 1image generated
by the processing section 70. The function of the display
section 82 may be implemented by an LCD, a CRT, a touch
panel (that also functions as the operation section 80), or the
like.

[0075] The storage section 84 stores a program that causes
a computer to function as each section of the processing
section 70 as well as various types of data, and serves as a
work area for the processing section 70. The function of the
storage section 84 may be implemented by a hard disk, a
RAM, or the like.

2. Measurement Method that Measures Effective Range of
Fluorescent Screen within Camera Image

[0076] A measurement method according to one embodi-
ment of the invention that measures the effective range of the
fluorescent screen within the camera image 1s described
below. FIG. 3 1s a flowchart illustrating an example of the
measurement method according to one embodiment of the
invention that measures the effective range of the fluorescent
screen within the camera image. The electron spectrometer
100 1s configured so that the effective range calculation sec-
tion 74 performs the process that calculates the effective
range of the fluorescent screen within the camera image.
[0077] Specifically, the effective range calculation section
74 acquires a plurality of camera images photographed while
changing the center energy Ec of the energy analyzer section
20 (1.e., while causing the energy analyzer section 20 to
analyze the electrons with a different center energy Ec) (step
S10).

[0078] A plurality of camera images are photographed as
described below.

[0079] A reference specimen for which a steep peak (e.g.,
Ag3d.,, photoelectron peak) 1s measured 1s used for the mea-
surement. The center energy Ec of the energy analyzer section
20 1s set so that the peak 1s situated at one end that 1s suifi-
ciently away from the effective range of the fluorescent screen
40.

[0080] The photoelectron image projected onto the tluores-
cent screen 40 1s then photographed by the camera 50. The
photographed camera 1mage 1s stored in the storage section
84.

[0081] The center energy Ec of the energy analyzer section
20 1s then changed by one step. The step by which the center
energy Ec 1s changed 1s set so that the moving distance on the
micro-channel plate 30 when the center energy Ec 1s changed
by one step 1s sufficiently smaller than the diameter of the
micro-channel plate 30.

[0082] The photoelectron image projected onto the tluores-
cent screen 40 when the center energy Ec 1s changed by one
step 1s then photographed by the camera 50. The photo-
graphed camera 1mage 1s stored 1n the storage section 84.
[0083] A plurality of camera images photographed with a
different center energy Ec are stored 1n the storage section 84
by repeating the above process. Specifically, a plurality of
camera 1images photographed with a different center energy
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Ec are stored 1n the storage section 84 by continuously pho-
tographing the photoelectron 1mage while changing (scan-
ning) the center energy Ec of the energy analyzer section 20.
The camera 1mage 1s repeatedly photographed until the peak
position moves across the effective range of the fluorescent
screen and 1s situated on the other end that 1s suificiently away
from the effective range of the fluorescent screen.

[0084] A plurality of camera images can be photographed
by the above process. Note that the control section 76 may
perform the process that photographs a plurality of camera
images. Specifically, the control section 76 may automati-
cally perform the process that photographs a plurality of
camera 1mages.

[0085] Note thatit1s desirable to adjust the position and the
magnification of the camera lens 52 and the camera 50 (1.e.,
adjust the focus of the camera 50) before the above process 1s
performed so that the photoelectron image projected onto the
fluorescent screen 40 1s situated approximately at the center
of the camera 1image (see FIG. 2, for example).

[0086] The effective range calculation section 74 reads a
plurality of camera images stored 1n the storage section 84 to
acquire a plurality of camera 1mages photographed while
changing the center energy Ec of the energy analyzer section

20.

[0087] The effective range calculation section 74 converts
the plurality of camera images thus acquired respectively into
a plurality of spectra (step S12).

[0088] Theeflectiverange calculation section 74 generates
cach spectrum by integrating the brightness information
about the camera image 1n the direction perpendicular to the
energy dispersion direction E (see FIG. 2).

[0089] The effective range calculation section 74 then cal-
culates the effective range of the fluorescent screen within the
camera 1mage based on the plurality of spectra obtained by
converting the plurality of camera images (step S14).

[0090] FIG. 4 1s a flowchart 1llustrating an example of the
elfective range calculation process (step S14) performed by
the effective range calculation section 74.

[0091] The effective range calculation section 74 deter-
mines the maximum brightness value within the camera
image and the position within the camera 1image that corre-
sponds to the maximum brightness value (heremnaiter may be
referred to as “maximum brightness position™) from each
spectrum (step S140).

[0092] FIG. 5 schematically illustrates a plurality of spectra
obtained by the step S12.

[0093] As illustrated in FIG. 5 1n which the horizontal axis
indicates the position (pixels) within the camera 1image and
the vertical axis indicates the brightness (bits) of the 1image,
the maximum brightness position (peak position) of each
spectrum S obtained by the step S12 1s the position indicated
by the arrow 1n FIG. 5. Note that the maximum brightness
position refers to the position within the camera image in the
energy dispersion direction E.

[0094] The plurality of spectra obtained by the step S12
differ from each other as to the peak position (1.e., the maxi-
mum brightness position indicated by the arrow 1 FIG. §)
within the camera image. When the maximum brightness
position of the spectrum S 1s not included within the effective
range of the fluorescent screen, the lower-limit position or the
upper-limit position of the effective range 1s determined to be
the maximum brightness position.

[0095] The effective range calculation section 74 then
draws a graph in which the center energy Ec (horizontal axis
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(first ax1s)) and the maximum brightness position (vertical
ax1s (second axis)) are plotted with respect to each spectrum
S (step S142). The effective range calculation section 74
calculates the effective range of the fluorescent screen from
the graph (step S144).

[0096] FIG. 6 illustrates a graph in which the center energy
Ec (horizontal axis) and the maximum brightness position
(vertical axis) are plotted with respect to each spectrum S.
[0097] FIG. 61llustrates the results obtained by plotting the
center energy Ec and the maximum brightness position that
corresponds to the Ag3d. ,, photoelectron peak with respect to
cach spectrum S, and the results obtained by plotting the
center energy Ec and the maximum brightness position that
corresponds to the Ag3d, , photoelectron peak with respect to
cach spectrum S. Note that the horizontal axis (deltaOflset) of
the graph 1llustrated in FIG. 6 refers to the difference from the
reference center energy Ec (1.e., the center energy Ec when
the scan 1s started) of the energy analyzer section 20.

[0098] The effective range calculation section 74 performs
a linear fitting process on the linear part 1n the graph 1llus-
trated 1n FIG. 6, and determines the resulting part to be the
elfective range R of the fluorescent screen. In the example
illustrated 1n FIG. 6, the effective range R of the fluorescent
screen within the camera 1image 1s the pixel range from 46 to
294. The effective range calculation section 74 determines the
slope (pixel/eV) obtained by the linear fitting process to be the
energy axis within the camera image.

[0099] According to the graph illustrated in FIG. 6, the
cifective range of the fluorescent screen and the energy axis
within the camera 1image can be more accurately calculated
by simultaneously acquiring the Ag3d. ., photoelectron peak
and the Ag3d,,, photoelectron peak, and calculating the effec-
tive range of the fluorescent screen and the energy axis within
the camera 1mage. In the example 1llustrated 1n FIG. 6, the
linear fitting result for the Ag3d., photoelectron peak 1s
Y=208.6014X-41.69814, and the energy axis within the cam-
era 1mage 1s 208.6014 pixels/eV. The linear fitting result for
the Ag3d,,, photoelectron peak 1s Y=187.14286X-1148.
15385, and the energy axis within the camera image 1s 187.
14286 pixels/eV.

[0100] Theeffective range calculation section 74 calculates
the effective range of the fluorescent screen within the camera
image and the energy axis within the camera image by using
the above calculation method.

[0101] The effective range of the fluorescent screen within
the camera 1mage can be calculated by the above steps.

[0102] Although the above embodiments have been
described taking an example in which the effective range
calculation section 74 sequentially acquires and stores a plu-
rality of camera images while changing the center energy Ec,
and converts each camera image into a spectrum, the effective
range calculation section 74 may repeat a process that imme-
diately converts a camera image acquired using a certain
center energy Ec 1nto a spectrum, acquires a camera image
while changing the center energy Ec, and converts each cam-
era 1image into a spectrum.

[0103] The electron spectrometer 100 has the following
features, for example.

[0104] The electron spectrometer 100 1s configured so that
the eflective range calculation section 74 performs the pro-
cess that acquires a plurality of camera images photographed
while causing the energy analyzer section 20 to analyze elec-
trons with a different center energy Ec, the process that con-
verts the plurality of camera images respectively 1nto a plu-
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rality of spectra, and the process that calculates the effective
range of the fluorescent screen within the camera image based
on the plurality of spectra. Therefore, the electron spectrom-
cter 100 can accurately calculate the effective range of the
fluorescent screen within the camera image as compared with
the case of geometrically calculating the effective range of the
fluorescent screen from the positional relationship between
the camera and the fluorescent screen, for example. The elec-
tron spectrometer 100 can thus determine the effective range
of the fluorescent screen independently of an individual geo-
metric variation 1n the device.

[0105] Since the electron spectrometer 100 1s configured so
that the eflective range calculation section 74 calculates the
energy axis within the camera image based on the center
energy Ec and the maximum brightness position of each
spectrum, the electron spectrometer 100 can accurately cal-
culate the energy axis within the camera 1image as compared
with the case of geometrically calculating the energy axis
within the camera image from the positional relationship
between the camera and the fluorescent screen, for example.
The electron spectrometer 100 can thus calibrate the energy
axis within the camera 1image independently of an individual
geometric variation in the device.

[0106] The measurement method according to the above
embodiments 1includes a step (step S10) that acquires a plu-
rality of camera images photographed while causing the
energy analyzer section 20 to analyze electrons with a differ-
ent center energy Ec, a step (step S12) that converts the
plurality of camera images respectively into a plurality of
spectra, and a step (step S14) that calculates the effective
range of the fluorescent screen within the camera image based
on the plurality of spectra. Therefore, 1t 1s possible to accu-
rately calculate the effective range of the fluorescent screen
within the camera image as compared with the case of geo-
metrically calculating the effective range of the fluorescent
screen from the positional relationship between the camera
and the fluorescent screen, for example (see above).

[0107] The measurement method according to the above
embodiments further includes a step that calculates the
energy axis within the camera 1mage based on the center
energy Ec and the maximum brightness position of each
spectrum. This makes it possible to accurately calculate the
energy axis within the camera 1image as compared with the
case of geometrically calculating the energy axis within the
camera 1image irom the positional relationship between the
camera and the fluorescent screen, for example (see above).

[0108] The mvention 1s not limited to the above embodi-
ments. Various modifications and variations may be made of
the above embodiments without departing from the scope of
the 1nvention.

[0109] Although the above embodiments have been
described taking an example 1n which the electron spectrom-
cter 100 1s an X-ray photoelectron spectroscope that energy-
analyzes electrons emitted from a substance upon application
of X-rays, the electron spectrometer according to the mven-
tion may be a photoelectron spectroscope that energy-ana-
lyzes electrons emitted from a substance upon application of
light (e.g., UV rays) other than X-rays. The electron spec-
trometer according to the invention may be an Auger electron
microscope that energy-analyzes Auger electrons emitted
from a substance upon application of electron beams.

[0110] The mnvention includes various other configurations
substantially the same as the configurations described in con-
nection with the above embodiments (e.g., a configuration
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having the same function, method, and results, or a configu-
ration having the same objective and effects). The mvention
also 1includes a configuration in which an unsubstantial part
(element) described in connection with the above embodi-
ments 1s replaced by another part (element). The mnvention
also 1ncludes a configuration having the same etiects as those
of the configurations described 1n connection with the above
embodiments, or a configuration capable of achieving the
same objective as that of the configurations described 1n con-
nection with the above embodiments. The mvention further
includes a configuration 1n which a known technique 1s added
to the configurations described 1n connection with the above
embodiments.
[0111] Although only some embodiments of the invention
have been described in detail above, those skilled in the art
would readily appreciate that many modifications are pos-
sible 1n the embodiments without matenally departing from
the novel teachings and advantages of the invention. Accord-
ingly, all such modifications are intended to be included
within the scope of the invention.
What 1s claimed 1s:
1. An electron spectrometer comprising:
an energy analyzer section that energy-analyzes electrons
emitted from a specimen;
a micro-channel plate that amplifies the electrons analyzed
by the energy analyzer section;
a fluorescent screen that converts the electrons amplified
by the micro-channel plate into light;
a camera that photographs the fluorescent screen; and
an effective range calculation section that calculates an
clfective range of the fluorescent screen within a camera
image photographed by the camera,
the effective range calculation section performing a pro-
cess that acquires a plurality of the camera 1mages pho-
tographed while causing the energy analyzer section to
analyze the electrons with a different center energy, a
process that converts the plurality of camera 1images
respectively into a plurality of spectra, and a process that
calculates the effective range of the fluorescent screen
within the camera image based on the plurality of spec-
tra.
2. The electron spectrometer as defined in claim 1,
wherein, in the process that calculates the effective range of
the fluorescent screen, the effective range calculation
section determines a maximum brightness position
within the camera 1image from each of the plurality of
spectra, and then calculates the effective range of the
fluorescent screen based on the center energy and the
maximum brightness position.
3. The electron spectrometer as defined in claim 2,

wherein, in the process that calculates the effective range of
the fluorescent screen, the effective range calculation
section draws a graph 1n which the center energy and the
maximum brightness position are respectively plotted
along a first axis and a second axis with respect to each
of the plurality of spectra, and then calculates the effec-
tive range of the tfluorescent screen from the graph.

4. The electron spectrometer as defined 1n claim 2,

wherein the effective range calculation section performs a
process that calculates an energy axis within the camera
image based on the center energy and the maximum
brightness position.

5. A measurement method that 1s implemented by an elec-

tron spectrometer that includes an energy analyzer section
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7
that energy-analyzes electrons emitted from a specimen, a brightness position within the camera 1image from each
micro-channel plate that amplifies the electrons analyzed by of the plurality of spectra, and calculating the effective
the energy analyzer section, a fluorescent screen that converts range of the fluorescent screen based on the center
the electrons amplified by the micro-channel plate into light, energy and the maximum brightness position.
and a camera that photographs the fluorescent screen, for 7. The measurement method as defined in claim 6.

calculating an effective range of the fluorescent screen within
a camera 1mage photographed by the camera, the measure-
ment method comprising:

a step that acquires a plurality of the camera 1images pho-
tographed while causing the energy analyzer section to
analyze the electrons with a different center energy;

a step that converts the plurality of camera images respec-
tively mto a plurality of spectra; and

a step that calculates the effective range of the fluorescent
screen within the camera image based on the plurality of
spectra.

6. The measurement method as defined 1n claim 5,

wherein the step that calculates the effective range of the
fluorescent screen includes determining a maximum I T T

wherein the step that calculates the effective range of the
fluorescent screen includes drawing a graph in which the
center energy and the maximum brightness position are
respectively plotted along a first axis and a second axis
with respect to each of the plurality of spectra, and
calculating the effective range of the fluorescent screen
from the graph.

8. The measurement method as defined 1n claim 6, further
comprising;
a step that calculates an energy axis within the camera

image based on the center energy and the maximum
brightness position.
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